The use of biological phosphorus removal by activated sludge has been shown to have adverse effects downstream in the solids handling processes of anaerobic digestion. From struvite formation problems within the digesters to increased polymer dosage and dewatered biosolids solids content. The fundamental cause is unknown however phosphorus removal prior to anaerobic digestion has been shown to improve cake solids. Thermal hydrolysis pretreatment has also been shown to increase cake dewaterability. This study employed both strategies and has shown that while phosphorus release did not improve cake dewaterability thermal hydrolysis pretreatment has.
INTRODUCTION
From the discovery and integration of the natural phenomenon of biological phosphorus release and uptake into municipal activated sludge processes in the late 1960s and early 1970s until the mid-2000s the impact on anaerobic digester solids characteristics has not been well documented. Early studies focused on digester amendments of aluminum and iron salts to prevent phosphorus release in the digested sludge from returning to the mainstream plant after dewatering (Knocke 1992) . These studies also found that the addition of these metal salts improved dewaterability of the bio-p biosolids; however, no comparison or significant change was noted between dewaterability of the activated sludge before and after the bio-P treatment was initiated. More recent experiences with WRRFs converting to bio-p have shown more detrimental effects on the anaerobic digester biosolids polymer dosage and sludge dewaterability of the associated waste activated biosolids (Alm 2015 , Benisch 2014 . Plants in both Europe and North America have seen considerable decreases, 3-4 % TS, in dewatered cake solids with double or triple the amount of polymer sometimes needed to obtain an optimal dosage. This decreased concentration of solids leads to larger volumes of cake and higher treatment costs either for more hauling of the solids for landfill or composting or higher fuel costs for incineration.
Additionally, the increased loading of phosphorus as polyphosphate granules is ultimately solubilized in the digester which in the presence of an overabundant concentration of ammonia and a limiting amount of magnesium crystallizes to form an insoluble mineral known as struvite. Struvite may deposit and accumulate in the digester solids as well as any process downstream of the digesters solids stream; including pumps, pipes, centrifuges and other dewatering equipment causing blockages or damage to equipment. Recent studies have correlated monovalent to divalent cation ratios, higher orthophosphate concentrations, and higher interstitial water concentrations to decreased dewaterability in bio-P biosolids. Releasing the phosphorus from the activated sludge has been shown to provide a slight increase in cake solids (Higgins 2014 ). However, a solution has still yet to be found for increasing cake solids equal to or above pre bio-P treatment levels.
The Cambi thermal hydrolysis process (THP) has been shown to improve the rate and extent of digestion as well as improve the dewaterability of solids after anaerobic digestion (Wilson, 2009) . THP pretreats the primary and secondary solids with high temperature using pressured steam. Typically operating temperatures are around 165 °C which is high enough to essentially sterilize the solids as well, producing a Class A product. THP is thought to hydrolyze a portion of the organic fraction in the solids, such as proteins, lipids and carbohydrates (Wilson, 2009 ). This decreases viscosity and reduces the solids that typically bind water which is difficult to remove during dewatering.
This research is intended to identify pathways for improving bio-P biosolids dewaterability, decreasing polymer demand and mitigating problematic struvite precipitation equal to or above pre bio-P levels.
METHODOLOGY
Four 10 L digesters operated at 38°C and a 15 day SRT were semi-continuously fed evaluating 4 treatment conditions. A baseline case evaluated the typical operation of a mesophillic digester fed a bio-P thickened waste activated sludge (TWAS) along with thickened primary sludge (TPS) while a second digester evaluated the effects of phosphorus release (PR) on the TWAS fed with the same TPS. PR was induced through the anaerobic addition of acetate to the WAS before thickening and dewatering in order to induce the release of phosphorus along with magnesium and potassium from the phosphorus accumulating organisms (PAO). The TWAS/TPS and PR-TWAS/TPS solids were also combined prior to being thickened to a cake and being fed to a pilot scale THP reactor and pressurized with steam for 1 hour at 6 bar and then depressurized into a flash tank at atmospheric pressure. These solids were then fed to the control THP reactor and the THP+PR reactor.
Soluble phosphorus as well as soluble cations was measured in order to correlate any effects of phosphorus concentration or monovalent to divalent cation ratios to dewaterability, polymer demand and struvite formation potential. Gas production, solids and COD loading, volatile fatty acids as well as pH and alkalinity were all monitored to insure proper reactor operation.
Once reaching steady state the anaerobically digested biosolids were dewatered according to a protocol described in Higgins 2012 in order to ascertain polymer demand and dewatered cake solids.
RESULTS
The characteristics of the feed solids fed to each reactor are summarized in table 1. (133) 1011 (99) 3178 (412) 1785 (177) The reactors steady state operation parameters are shown in table 2. The optimal polymer dose and cake solid results of the dewatering method are shown in Figure  1 . 
DISCUSSION
The PR reactors show similar differences in both the conventional and THP reactors. They both have higher pH values as compared to their respective controls that may be attributable to the reduced concentrations of phosphorus, about 40% lower, and the buffering effect it has in the system as well as the reduced production of struvite that would decrease the pH. This also confers higher alkalinity to these reactors and may make them more stable, but also increases the amount of free ammonia present. In the PR process inorganic polyphosphate is removed and replaced by organic polyhydroxy alkanoates (PHA) formed from acetic acid. For a similar total solids loading the PR reactors have a higher volatile solids fraction and COD loading. They have similar COD and volatile solids reduction so the PR reactors are also producing more methane and CO2. During PR the PAOs also release the cations magnesium and potassium to balance the charge of the phosphorus being released. The PR reactors have lower potassium levels and higher sodium due to the sodium acetate added. However the magnesium is unknown as it was below the detection level of 4 mg/L, but the calcium levels are higher due reduced levels of complexation by orthophosphate and this pattern would also be expected for magnesium. This reduction of monovalent cations and increase in divalent cations provides a lower monovalent to divalent ratio in the PR reactors which would be predicted to improve dewaterability.
The PR reactor showed a minor decrease in polymer demand as well as dewatered cake solids of 14.22% TS compared to 14.8% TS of the conventional control reactor. The PR+THP reactor showed an increased polymer demand and a much decreased cake solids of 20% compared to the 26% achieved with the control THP reactor. The results of this study do not agree with the previous results found in Higgins 2014 showing phosphorus release to provide an increase in dewatered cake solids. 
CONCLUSION
THP has shown to be a much more advantageous treatment process allowing for much improved dewatering of bio-P solids when compared to phosphorus release alone.
